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Abstract
Transient receptor potential (TRP) ion channel superfamily is widely distributed from 
neuronal to non-neuronal tissues by serving as cellular sensors via interacting with a 
wide spectrum of physical and chemical stimuli. TRP ion channels are tetrameric protein 
complexes. Accordingly, TRP subunits can form functional both homomeric channels 
and heteromeric channels which either in the same subfamily or in the different sub-
families to diversify TRP channel functions. In this chapter, we will briefly introduce this 
fascinating ion channel superfamily. Further, we will summarize current knowledge on 
mammalian TRP ion channels distribution in tissues and organs as well as assembly of 
these ion channel subunits. Implications and related physiological roles regarding distri-
bution and assembly will be overviewed as well.
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1. Introduction
Mammalian TRP ion channel superfamily comprises 28 members, which belong to 6 subfami-
lies including TRPC (TRPC1-7), TRPV (TRPV1-6), TRPM (TRPM1-8), TRPML (TRPML1-3), 
TRPA (TRPA1) and TRPP (TRPP2, TRPP3 and TRPP5). Most of the TRPs are non-selective 
cationic ion channels, which permeate to Ca2+, Mg2+ and Na+ cations, and involve in a plethora 
of physiological and pathological functions.
Despite as low abundant membrane proteins, TRP ion channels are widely distributed in 
tissues and organs in mammalians. TRPs can be activated by diverse physical or chemical 
stimuli in nature which make these ion channels as multifunctional cellular sensors [1].
© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
TRP ion channels are tetrameric cation channels. Structurally, each TRP subunit harbors six 
transmembrane segments with a pore-forming region. Both N and C termini are located intra-
cellularly. Most of the TRPs have an ankyrin repeat domain in N terminal and a TRP box in C 
terminal by modulation of protein-protein interactions that allowing intra- and inter-cellular 
associations. The long N and C termini of TRPs also contain several additional regulatory 
regions, which are relatively conserved in most of the TRP channels.
2. Distribution and function of TRP channels in tissues and organs
2.1. TRPs in nervous system
2.1.1. Distribution patterns
TRP ion channels are widely distributed in nervous system harboring members among subfam-
ilies of TRPC, TRPV, TRPM, TRPA and TRPML. These TRPs can be detected both within central 
and peripheral nervous system. Briefly, TRPCs are extensively distributed in various parts of 
mammalian brain and DRG neurons. Specifically, TRPC1 is characterized distributed in mam-
malian brain, including human fetal and adult brain, rat brain as well as rat embryonic brain [2].
For TRPVs, all members of this subfamily are expressed in central nervous system. TRPV1 
has been detected in mammalian brain, especially one study revealed that TRPV1 exhibited 
highly restricted distribution in central neuronal system in rat, monkey and human by using 
in situ hybridization as well as electrophysiological recordings [3]. Recent studies reported 
that TRPV5 was detected in olfactory bulb, cortex, hippocampus, hypothalamus, midbrain, 
brainstem and cerebellum of the rat [4]. In addition, TRPV6 was found in lamina terminalis, 
olfactory bulb, amygdala, hippocampus, brainstem and cerebellum of the mouse [5].
Among TRPM subfamily, TRPM1 and TRPM2 are widely expressed in mammalian brain. 
Moreover, other members of this TRPM subfamily, including TRPM3, TRPM4, TRPM5, 
TRPM7 and TRPM8, were all identified expressed in rat, mouse and human brain [6].
Further, TRPA1 was extensively found in mammalian sensory ganglia, trigeminal sensory 
afferents and spinal dorsal horn, even in astrocytes [6, 7]. TRPV4 and TRPA1 were detected 
in pancreatic nerve fibers and in dorsal root ganglia neurons innervating the pancreas, which 
may contribute to inflammatory pain in mice [8].
The three members of TRPML are all expressed in mouse brain [9].
2.1.2. Specific molecular sensors
Based on the distribution pattern of TRP ion channels in nervous system, their multi-func-
tions as cellular sensors are consistent with the complexity of nervous network. Specifically, 
TRPV1, TRPV2, TRPV3, TRPV4 and TRPM2, TRPM3, TRPM4, TRPM5 are characterized as 
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heat and warm sensors of body so far, while TRPC5, TRPM8 and TRPA1 are responsible 
for cold or cool sensing [10]. Meanwhile, continuous studies revealed that TRPM1, TRPM4, 
TRPC1, TRPC3, TRPC5 and TRPC6 may involve in auditory mechanosensation [11–13]. TRP 
ion channels serving as cellular sensors are also involved in taste via TRPM5, pain by TRPV1, 
TRPV2 and TRPA1 [14]. In addition, most TRP ion channels may involve in olfactory trans-
duction by widely distributed in olfactory bulb [15].
2.2. TRPs in skeletal system and implications
2.2.1. Distribution patterns
In general, skeletal system consists of bone, joint and skeletal muscles. Recent studies have 
been elucidated that several members of TRPCs, TRPVs and TRPMs are distributed in these 
organs and tissues. Specifically, TRPC1 and TRPC4 have been detected in bone and skeletal 
muscles [16, 17].
Further, TRPV2 was detected in osteoclasts in bone [18]. TRPV4 has been found in mandibu-
lar condylar chondrocytes, osteoclasts and osteoblasts of the rat [19, 20]. TRPV5 appeared 
in the ruffled border membrane of the mouse osteoclasts, and TRPV6 was observed widely 
expressed in bone cells but was not crucial for bone mineralization in mice [21].
Moreover, human TRPM7 has been found in bone, and recent study revealed that TRPM7 reg-
ulated Mg2+ ions to promote the osteoinduction of human osteoblast via PI3K pathway [22].
2.2.2. Roles and implications
The distribution of functional TRP ion channels in skeletal system interrelate both calcium 
ions and cytosolic calcium sensing elements closely. Studies indicate that distribution of 
TRPC1 and TRPC4 in bone and skeletal muscles may involve in regulating cell differentiation 
and osteoclast formation via modulating calcium homeostasis [16, 17], and TRPV2 can regu-
late osteoclastogenesis via calcium oscillations [18]. The study indicates that TRPV4 plays a 
role in regulating bone mass as well as mastication-associated pain at the temporomandibu-
lar joint [19, 20]. Despite studies identified that TRPV4 mutations can lead to osteoarticular 
pathology, the mechanism underlying TRPV4 modulation remains unclear.
2.3. TRPs in digestive system
2.3.1. Distribution patterns
To date, accumulated documentations indicate that members within four subfamilies (includ-
ing TRPC, TRPV, TRPM and TRPML) of TRPs appear in digestive system. TRPC1, TRPC2, 
TRPC3, TRPC4, TRPC5, TRPC6 and TRPC7 are widely distributed in the stomach of mouse. 
TRPC1 has been detected in liver by using specific antibody [23]. For TRPC4, widely distrib-
uted in stomach, intestine and pancreas and low level in liver of human have been observed 
[24]. Also TRPC4 and TRPC5 have been detected in murine jejunum and colon [25]. TRPC6 
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has been found to distribute in smooth muscle of stomach, colon and esophagus [25, 26]. 
However, the roles of TRPCs within these tissues and organs are incompletely understood.
For TRPV subfamily, TRPV1, TRPV2, TRPV3 and TRPV4 are all expressed in the larynx epi-
thelium of mice [27]. TRPV3 is found in nose, stomach, colon and small intestine in mice, 
especially in the epithelium of the tongue and nose. TRPV4 is expressed in stomach, small 
intestine and colon [28]. Other studies also revealed that TRPV4 was distributed in bile duct 
[29]. The murine and human TRPV6 was distributed in pancreas and gastrointestinal tract, 
including esophagus, stomach, duodenum, jejunum and colon [30].
Among TRPM subfamily, TRPM2 is widely expressed in several digestive organs, includ-
ing stomach, intestine and low level in liver [31]. TRPM5 is found in pancreas as well as in 
sparse chemosensory cells located throughout the digestive track. Within the gastrointestinal 
system, TRPM5 was detected in the stomach, small intestine and colon, and it may regulate 
several physiological functions of the gastrointestinal tract. TRPM6 transcripts are detected in 
the intestine and colon. Furthermore, TRPM8 has been found expressed in liver [28].
The TRPMLs are all expressed in digestive system including stomach, colon, small intestine, 
liver and pancreas. However, the physiological roles of these distributions are still missing.
2.3.2. Roles and implications
Distributions of TRPs throughout the alimentary canal are relevant to digestive and absorp-
tive function of mediating the whole body homeostasis of metabolism. It seems that TRPV5 
and TRPV6 are involved in mediating intestinal calcium uptake and TRPM5 is involved in 
regulation of glucose stimulated insulin secretion [28]. TRPM2 participates in pathogenesis of 
bowel disease and salivary gland fluid secretion [32].
2.4. TRPs in immune system and their physiological relevance
2.4.1. Distribution patterns
In immune system, recent studies indicate broad distribution of TRPs in this system, including 
TRPC, TRPV, TRPM and TRPML subfamilies. Mammalian TRPC2 transcripts were detected 
in spleen and rat thyroid cells [33, 34]. Employing immune cells, physiological roles either of 
TRPC3 channels or TRPC3/6 heteromeric channel were identified to involve in Ca2+ signal-
ing mechanism [35, 36]. TRPC6 was also identified in other immune cells of the lungs like 
alveolar macrophages [37]. Most interestingly, ovalbumin-challenged Trpc6 knockout mice 
exhibited reduced allergic responses in the bronchoalveolar lavage [38]. However, the precise 
functional roles of TRPCs in these cells are still elusive.
For TRPVs, TRPV2 is abundantly expressed in the cells of the immune system. Study indicates 
that mRNA of TRPV2 was strongly expressed in the spleen [39]. TRPV2 was detected in mac-
rophages and Kupffer cells [40]. In addition, TRPV2 was observed in mast cells [41], neutro-
phils [42], hematopoietic stem cells as well as both T with CD4+ and CD8+ and B with CD19+ 
lymphocytes. In hematopoietic stem cells, TRPV2 was observed with CD34+ [43]. TRPV4 has 
been detected in mast cells [44] and endolymphatic sac [45]. Meanwhile, both TRPV5 and 
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TRPV6 were found in lymphocytes, Jurkat leukemia T cells [46] and leukemia K562 cells [47] 
and may contribute to store-operated calcium entry.
Most of the TRPMs, including TRPM2, TRPM4, TRPM5, TRPM6 and TRPM7, are all expressed 
in the bone marrow and spleen. Specifically, TRPM2 appears in immune cells (including neu-
trophils, megakaryocytes, monocytes, macrophages, B lymphoblast cells, T lymphocytes, 
dendritic cells and mast cells). TRPM4 and TRPM6 are detected in mast cells and leukocytes, 
respectively [48, 49]. However, the physiological roles remain unclear.
For TRPMLs, they are all distributed in spleen and thymus of mouse. TRPML2 mRNA was 
detected in B cells, T cells, mastocytoma, myeloma cell lines and primary splenocytes by 
RT-PCR technique [50].
2.4.2. Roles and implications
Although TRPC1 has not been detected in immune system yet, but Trpc1 deletion could reduce 
T helper type 2 (Th2) cells to stimuli in vivo. In vitro, proliferation and receptor-induced IL-2 
production are significantly attenuated in Trpc1 knockout splenocytes. Thus, TRPC1 may be 
involved in proinflammation and could be therapeutic target in immune diseases [51]. Since 
TRPV2 is expressed in various types of cells in immune system, it may be involved in both 
innate and adaptive immune responses. Moreover, TRPM2 may act as a mediator for inflam-
mation via stimulus-induced Ca2+ influx in immune system, and TRPM4 in T cells may be 
relevant to immune response for interleukin-2 production [52].
2.5. TRPs in reproductive system
2.5.1. Distribution patterns
Based on accumulated studies so far, there are five subfamilies of TRPs distributed in the 
reproductive system, including TRPC, TRPV, TRPM, TRPML and TRPP. It seems that TRPCs 
extensively appear in reproductive system including prostate, placenta, testis, ovary, uterus, 
myometrium and sperm [53, 54]. Specifically, TRPC1, TRPC2 and TRPC7 are distributed 
in testis and sperm. TRPC3 and TRPC5 are expressed in ovary, uterus, sperm and testis. 
Moreover, TRPC4, TRPC7 are found in myometrium. In addition, TRPC4 is widely observed 
in human prostate, placenta, rat testis, ovary, human and mouse sperm. And TRPC6 is found 
in ovary, uterus, placenta and sperm.
All TRPVs are expressed in prostate. Specifically, TRPV1 appears in testis and prostate and 
TRPV2 shows in prostate. For TRPV3, it is observed in rat prostate, human placenta and testis. 
TRPV4 is expressed in sperm and prostate. Furthermore, TRPV5 and TRPV6 are expressed in 
human placenta, sperm, prostate and the epididymis. Meanwhile, TRPV4 was also detected 
broadly distributed in female reproductive tract [55] and oviduct [56], and these TRPV chan-
nels may function as a link between Ca2+ transport and Ca2+ signaling.
For TRPMs, all members seem to appear in prostate, testis, placenta and sperm. TRPM2 is 
expressed in placenta endometrium, sperm and prostate. TRPM3 is distributed in ovary, tes-
tis, sperm and prostate [57]. TRPM6 is highly expressed in testis and prostate. Moreover, 
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humans have strong TRPM7 expression in testis, prostate and placenta. The TRPM8 tran-
script was originally identified in the testis and prostate tissue [58]. In addition, TRPM8 is also 
expressed in human sperm.
TRPMLs are all expressed in human testis and uterus. TRPML1 is also observed in human 
placenta and the role is still unknown.
For TRPP subfamily, TRPP2 (PKD2) and TRPP3 (PKD2L1) transcripts were both found in 
many fetal and adult tissues, testis and ovary [59]. In contrast, TRPP5 (PKD2L2) transcription 
appears to be mostly restricted to the testis.
2.5.2. Roles and implications
Little is known about the roles of TRPs in reproductive system. Studies imply that TRPC2 
may modulate pheromone sensory signaling transduction and TRPM8 can be a biomarker 
for prostate cancer.
2.6. TRPs in cardiovascular system
2.6.1. Distribution patterns
Studies have identified that five subfamilies (TRPC, TRPV, TRPM, TRPML and TRPP) of 
TRPs are distributed in cardiovascular system, especially in cardiomyocytes, smooth cells and 
endothelium cells, and these TRP ion channels may involve in hypertension as well as cardiac 
hypertrophy. Briefly, TRPC1, TRPC3, TRPC4, TRPC5, TRPC6 and TRPC7 are all expressed 
in heart of both human and mouse. Specifically, TRPC2 expression on the plasma membrane 
has been found in murine erythroblasts and heart [24, 60]. TRPC4, TRPC5 and TRPC7 have 
been observed in endothelial cells of coronary arteries [61]. The roles of these distributions 
are still unclear.
For TRPVs, TRPV2, TRPV4 and TRPV6 are observed in mouse heart. Specifically, TRPV1 has 
been found expressed in arteriolar smooth muscle [3]. TRPV2 was detected in cardiovascular 
system, including arterial smooth muscle cells, venous smooth muscle cells, endothelial cells 
and cardiomyocytes [62]. Moreover, TRPV4 was observed broadly expressed in heart as well 
as arteries [55].
TRPM2, TRPM3, TRPM4, TRPM6 and TRPM7 are all distributed in mouse heart. Meanwhile, 
all the subfamily members except TRPM8 appear in human heart. TRPM3 has been observed 
to express in saphenous vein, pulmonary artery, coronary artery, mesenteric artery, and fem-
oral artery. TRPM4 was described in cardiac myocytes, vascular smooth muscle cells, vas-
cular endothelial cells and red blood cells [62]. Furthermore, expression of TRPM8 has been 
reported in rat myocytes isolated from large arteries [63].
All TRPMLs are expressed in mouse heart and no relevant roles have been proved.
Both TRPP2 (PKD2) and TRPP3 (PKD2L1) are distributed in heart and the related physiologi-
cal functions are still in the air to date.
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2.6.2. Roles and implications
The study shows that TRPC4 and TRPC5 may regulate endothelial permeability and ago-
nist-dependent vasorelaxation and TRPV1 could control blood flow in skeletal muscle. 
Moreover, TRPV2 may act as a stretch sensor and TRPM8 may involve in the regulation of 
vascular tone.
2.7. TRPs in urinary system
2.7.1. Distribution patterns
There are five subfamilies of TRPs appear to express in urinary system, including TRPCs, 
TRPVs, TRPMs, TRPMLs and TRPPs. Specifically, TRPC1, TRPC2, TRPC3, TRPC4, TRPC5, 
TRPC6 and TRPC7 are all expressed in kidney. Moreover, TRPC4 was found in renal epithe-
lial cells, preglomerular resistance vessels, bladder and urothelium [64], and the specific roles 
are still lacking.
For TRPVs, TRPV2, TRPV4, TRPV5 and TRPV6 are all observed in mouse kidney. TRPV1, 
TRPV2, TRPV3 and TRPV4 were detected in bladder epithelial cells [64]. Furthermore, TRPV4 
is described broadly expressed in urinary bladder and kidney [55].
Human TRPM2, TRPM3, TRPM4, TRPM5, TRPM6 and TRPM7 are all expressed in kid-
ney, while TRPM3, TRPM4, TRPM6 and TRPM7 are found in kidney of mouse. Specifically, 
TRPM4 was detected in mammalian renal tubule [65], and TRPM8 has been characterized in 
the bladder urothelium and male urogenital tract [66].
The TRPMLs are all distributed in mouse kidney and the relevant roles are still lacking.
Both TRPP2 (PKD2) and TRPP3 (PKD2L1) are expressed in kidney and relevant roles remain 
unclear.
2.7.2. Roles and implications
The roles of TRPs in urinary system remain to be elucidated. TRPV1 channel was proposed 
to regulate bladder contractions by mediating urothelial ATP release in response to stretch 
[67]. TRPV2 and TRPV4 may be involved in sensing mechanical stimuli and TRPMLs could 
be related to urinary dysfunctions.
2.8. TRPs in respiratory system
2.8.1. Distribution patterns
Recent documented studies indicate that subfamilies for TRPC, TRPV, TRPM, TRPA, TRPML 
and TRPP are all distributed in respiratory system, especially in lung and other respiratory 
organs. Specifically, the expressions of TRPC3, TRPC6 and TRPC7 are observed in the lung 
of human and mouse.
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For TRPVs, TRPV1, TRPV2, TRPV3 and TRPV4 are expressed in mouse respiratory epithe-
lium. TRPV2, TRPV4 and TRPV6 are detected in lung. Specifically, TRPV1 and TRPV4 were 
observed in trachea and bronchi [68–70].
TRPM2, TRPM4, TRPM6 and TRPM7 are widely expressed in lung. TRPM8 with altered 
N-terminus has been found in human bronchial epithelial cells which localized in the endo-
plasmic reticulum [71].
TRPA1 was found presented in non-neuronal tissues, including human and mouse lung [72].
TRPML1, TRPML2 and TRPML3 are all distributed in the lung of mouse. While the functions 
related to these distribution are still lacking.
TRPP2 (PKD2) and TRPP3 (PKD2L1) are expressed in lung and the functional roles remain to 
be elucidated.
2.8.2. Roles and implications
The functional roles of TRPs in respiratory system need more efforts. Studies indicate that 
TRPC3, TRPC6 and TRPC7 may enhance respiratory rhythm regularity and TRPV1 and 
TRPV4 may facilitate receptor-operated calcium entry.
2.9. TRPs in endocrine system
2.9.1. Distribution patterns
Since lacking investigation employed for TRP ion channels in endocrine system, only several 
references for TRPs can be provided in this chapter. The expression of TRPC3 mRNA has been 
detected in pituitary gland [24] and the relevant roles are still unclear.
For TRPV subfamily, TRPV2 is abundantly expressed in the epithelium of the pancreatic 
duct, mammary gland, parotid gland and submandibular gland. Meanwhile, TRPV2 has also 
been detected in chromogranin-positive neuroendocrine cells in the stomach, duodenum and 
intestine [73]. In the pancreas, TRPV2 was found expressed in insulin-produced β-cells [74]. 
TRPV4 has been found in the mammary gland [75].
For TRPM subfamily, TRPM2 appears in pancreatic β-cells of endocrine system, and the chan-
nel involves in glucose-induced insulin release and cell apoptosis triggered by application 
of H
2
O
2
 [76, 77]. TRPM4 was detected to express in white and brown adipocytes [78, 79] and 
the roles are still missing. Recent studies reported that TRPM8 and TRPV1 are expressed in 
brown adipose tissues [80, 81].
2.9.2. Roles and implications
TRPs in endocrine system may be involved in sensing stimulus from cellular milieu of physi-
cal or chemical resources. Recent study shows that TRPV1 participated in the modulation 
of clock gene oscillations in response to light-dark cycle. Meanwhile, cold-sensing TRPM8 
channel involves in the regulation of clock and clock-controlled genes and thermogenesis in 
brown adipose tissues [80, 81].
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3. Assembly of TRP channels and its implications
TRP ion channels have been found heterogeneity in native tissues and organs due to channel 
subunits heteromerization. Meanwhile, wide assembly of TRP ion channel subunits of either 
the same subfamily or different subfamilies has been detected in heterologous expression 
system.
3.1. Heteromerization of TRPs with specificity
Recent investigations indicate that subunits extensively heteromultimerize in the TRPC 
subfamily. Accordingly, the overlapped distribution patterns of TRPC proteins in the hip-
pocampus and peripheral tissues are also coincident with the heteromerization. Specifically, 
formation of heteromeric complexes by both TRPC5 and another member of the same sub-
family, TRPC4, with the TRPC1 subunit (TRPC1/5 and TRPC1/4) has been identified in mam-
malian cells. Using quantitative high-resolution mass spectrometry, TRPC1, TRPC4 and 
TRPC5 were demonstrated to assemble into heteromultimers with each other in the mouse 
brain and hippocampus [82]. In HEK293 cells, cotransfection of TRPC1 and TRPC4 yielded 
novel nonselective cationic channels. Heteromeric TRPC1/4 channel showed dynamic gat-
ing property depending on TRPC1 isoform subtypes and receptor stimulation system. [83]. 
Using GST pull-down assays, heteromerization of TRPC1 with TRPC3 was examined and the 
ankyrin repeats (AR) region of TRPC3 could mediate the heteromeric TRPC1/3 formation. 
Furthermore, the heteromeric TRPC1/3 may participate in regulating the resting cytosolic Ca2+ 
levels in skeletal muscle [84]. Coassembly of TRPC1 and TRPC5 in hippocampal neurons and 
in HEK293 cells resulted in a novel nonselective cation channel with a voltage dependence 
similar to NMDA receptor channels. Similar associations were reported between TRPC1 and 
TRPC3 via an N-termini domain interaction in salivary gland cells. In addition, heteromeriza-
tion of TRPC3 and TRPC4 seems to produce channels with a distinct pore structure clearly 
different from those of the homomeric TRPC3 and TRPC4 channels. Moreover, study also 
revealed that TRPC1/3/7 can interact to form a store-operated channel complex [85].
For TRPV subfamily, using fluorescence resonance energy transfer (FRET) as well as single-chan-
nel recording, widespread interaction between any two members of TRPV1–4 has been identified 
[86]. This study provided evidence that thermosensitive TRPV channel subunits can form het-
eromeric channels with intermediate conductance levels and gating kinetic properties compared 
to homomeric channels. Moreover, colocalization and association between TRPV1 and TRPV2, 
TRPV1 and TRPV3 as well as TRPV5 and TRPV6 can form heteromeric channel complexes. 
Recent study identified that TRPV4 could facilitate with TRPV1 in some sensory neurons [87].
Heteromerization of TRPM subunits remains far less clear. Association between TRPM6 and 
TRPM7 formed heteromeric channels with intermediate conductance and gating properties. 
Recent study uncovered heteromeric TRPM6/7 channels with altered pharmacology and sensi-
tivity to intracellular Mg-ATP compared with homomeric TRPM7. Furthermore, TRPM6 kinase 
domain modulated heteromeric channel sensitivity of intracellular Mg-ATP concentrations [88].
The mucolipin TRPML family exhibited low similarity to other TRPs. Montell and cowork-
ers demonstrated that TRPMLs can assemble to form heteromultimers with intermediate 
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conductance and kinetic properties. Moreover, the presence of either TRPML1 or TRPML2 
specifically modulates TRPML3 trafficking from endoplasmic reticulum to lysosomes [85].
3.2. Assembly of TRPs in different subfamilies
Extensive studies revealed widespread heteromerization within the mammalian TRP channel 
superfamily. Heteromeric TRPP2/TRPC1 channel complexes with a stoichiometry of 2:2 exhib-
ited a new receptor-operated channel property. TRPP2 selectively assembled with TRPC1 and 
TRPC4 to form channel complexes mediating angiotensin II-induced Ca2+ responses in mesan-
gial cells. Heteromeric cation channels composed of the TRPP2 mutant and the TRPC3 or TRPC7 
protein enhanced receptor-activated Ca2+ influx that may lead to dysregulated cell growth in 
autosomal dominant polycystic kidney disease. Using coimmunoprecipitation, the composition 
of TRPP2/TRPC5, TRPP3/TRPC1, TRPP3/TRPC5, TRPP5/TRPC1 and TRPP5/TRPC5 was also 
identified. TRPP2 and TRPV4, which formed heteromeric channel complex, have been reported 
both in vivo and in vitro. Then, heteromeric TRPP2/TRPV4 complex with a 2:2 stoichiometry and 
alternating subunit arrangement was identified using atomic force microscopy approach [85]. 
The study indicates that TRPV4 could form heteromeric channels with TRPC1 in vascular endo-
thelial cells. Then, Ca2+ store depletion enhanced the trafficking of TRPV4/TRPC1 channels into 
the plasma membrane, thus contributed to mediate store-operated current and store-operated 
calcium ion entry [89]. TRPV4 can form a heteromeric channel with TRPC6 in the pulmonary 
artery smooth muscle cell, and TRPV4 plays a critical role in hypoxic pulmonary vasoconstric-
tion potentially via cooperation with TRPC6 [90]. TRPV6 exhibited substantial colocalization 
and in vivo interaction with TRPC1, and functional interaction of TRPV6 with TRPC1 negatively 
regulates Ca2+ influx in HEK293 cells [91]. Heteromeric TRPV5 and TRPML3 channels with novel 
conductance were detected under conditions that did not activate either TRPML3 or TRPV5 [92].
Moreover, novel combination of TRPC1/TRPC6/TRPV4 may mediate mechanical hyperalgesia 
and primary afferent nociceptor sensitization. Subsequently, TRPV4, TRPC1 and TRPP2 have 
been reported to form a flow-sensitive heteromeric channel in primary cultured rat mesenteric 
artery endothelial cells as well as HEK293 cells. Moreover, heteromeric TRPV4/TRPC1/TRPP2 
channel can mediate the flow-induced Ca2+ increase in native vascular endothelial cells [93].
3.3. Assembly between TRPP channels and receptor-like polycystin-1 family 
proteins
PKD1 and PKD2 have been identified as the genes mutated in autosomal dominant polycystic 
kidney disease (ADPKD). The TRPP ion channel subfamily (PKD2-like group) contains three 
members of TRPP2 (PKD2), TRPP3 (PKD2L1) and TRPP5 (PKD2L2). The receptor like poly-
cystin-1 family proteins (PKD1-like group) contains five members, including PKD1, PKDREJ, 
PKD1L1, PKD1L2 and PKD1L3. TRPP subunits not only assemble into functional homomeric 
ion channels but also assemble with polycystin-1 family members to form heteromeric recep-
tor-channel complexes.
Heteromeric interaction between TRPP2 and PKD1 has been identified by several groups 
throughout the past decade. TRPP3 can also interact with PKD1, and the interaction is essential 
for TRPP3 trafficking and channel formation. Along these lines, studies also showed that TRPP3 
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and PKD1L3 colocalized in taste receptor cells. Heteromeric complex with three TRPP3 and one 
PKD1L3 functions as an acid sensor. Single amino acid mutations in the putative pore region 
of both proteins alter ion selectivity of the channel. A TRPP3 C-terminal coiled-coil domain 
forms a trimer in regulating assembly and surface expression of the TRPP3/PKD1L3 complex 
[94]. Moreover, heteromeric TRPP3/PKD1L3 channel complex in mice and humans regulated 
translocation and expression of hedgehog pathway proteins through modulation of ciliary cal-
cium concentration [95]. Recent study found that extracellular loops between the first and second 
transmembrane segments of TRPP2 and TRPP3 associated with the extracellular loops between 
the sixth and seventh transmembrane segments of PKD1 and PKD1L3, respectively, and the asso-
ciations between these loops are essential for the trafficking and function of the complexes [96].
3.4. Implications of assembly of TRPs
It is clear that coassembly of ion channel subunits yields a variety of diverse channel complexes. 
Heteromultimerization among mammalian TRP subunits produces novel channel types with 
functional properties distinct from their homomeric counterparts. Heteromerization of mam-
malian TRPV1/3, TRPV5/6, TRPML1/2, TRPC1/3, TRPC1/4, TRPC1/5, TRPC3/4, TRPC4/5, 
TRPV5 and TRPML3 has been identified to produce channels with novel or altered properties.
Meanwhile, TRPP2 coassembled with TRPC1 to form heteromultimeric channels that exhibit 
new receptor-operated property implicated in mechanosensation. Furthermore, association 
between TRPP2 and TRPV4 produces a channel with mechanosensitive and thermosensitive 
roles. Recent study indicates that heteromultimers of TRPC1/4, TRPC1/5 and TRPC4/5 in the 
mouse brain and hippocampus involved in regulation of spatial working memory and flexible 
relearning by facilitating proper synaptic transmission [82]. TRPC1 and TRPC6 with TRPV4 
are frequently coexpressed in DRG neurons; TRPC1 and TRPC6 subunits are incorporated 
with TRPV4 to mediate mechanical hyperalgesia and primary afferent nociceptor sensitiza-
tion. Interestingly, TRPV4 is required for itch signaling in some sensory neurons via facilita-
tion of TRPV1. The formation of heteromeric complexes could be a prevalent mechanism by 
which the vast array of somatosensory information is encoded in sensory neurons [87]. In addi-
tion, functional interaction between the noxious cold-sensitive TRPA1 channel subunit and the 
noxious heat-sensitive TRPV1 channel subunit could contribute to TRPA1-mediated responses 
in trigeminal sensory neurons. Moreover, colocalization of PKD1L3 with TRPP3 (PKD2L1) in 
taste receptor cells may involve in taste sensory transduction. In summary, heteromerization 
of TRPs to novel channel complexes extends TRP channel distribution and function.
4. Discussion
4.1. More distribution relevance of TRPs need to be fully elucidated
TRP ion channels are almost expressed in all types of mammalian cells and their functions are 
also diverse as their distributions in tissues and organs. TRP channels not only act as poly-
modal cellular sensors, which are involved in cellular sensing from somatosensation, hearing, 
taste and olfaction [14], but also participate in many other physiological and pathological 
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process from metabolism, homeostasis and even carcinogenesis. To date, the puzzle of rele-
vant roles regarding TRP distribution in tissues and organs remains incompletely understood.
Specifically, the functions of TRPCs in mammalian are involved in temperature perception, 
mechanosensation, proinflammation, pheromone modulation, vasorelaxation as well as 
respiratory rhythm regulation. Furthermore, they also regulate cell differentiation and bone 
mass via calcium involving. However, the distribution relevance of TRPs in digestive as well 
as urinary system needs more and deeper investigation.
For TRPVs, the distribution relevance is mostly related to somatosensation such as thermo-
sensation, mechanosensation and nociception [1]. Meanwhile, TRPVs distribution also acts 
as sensory channels for receptor-operated calcium entry. But the related roles in immune 
system, urinary system as well as respiratory system remain elusive.
The subfamily of TRPM is extensively distributed in nervous system, skeletal system, 
digestive system, immune system, reproductive system, cardiovascular system, urinary 
system, respiratory system and endocrine system. Their functions are involved in warm or 
cold perception as well as thermogenesis, auditory mechanoreception, taste, metabolism, 
vascular tone regulation and inflammation. In addition, TRPM8 can be a biomarker for 
carcinogenesis of prostate. Further investigations regarding functional relevance of TRPMs’ 
distributions  need to be deeply elucidated, in particular in urinary system as well as respi-
ratory system.
TRPA1 is mostly expressed in nervous system. Its functions involve in thermosensation, audi-
tory mechanosensation as well as olfactory transduction. Meanwhile, TRPMLs are expressed 
in brain, heart, kidney and lung. Moreover, they appear in digestive system, immune system 
and reproductive system. But the relevance of the distribution is still missing. Little is known 
about the related roles of TRPPs in reproductive system, cardiovascular system, urinary sys-
tem and respiratory system.
Despite TRPs have been explored extensively for almost half of century, our understanding of 
the implications related to TRPs distribution is still missing a lot of pieces. Further investiga-
tion regarding this relevance needs to be elusive urgently.
4.2. Heteromerizations tangle the elucidation for distributions and functions
The intracellular distributions of TRP ion channels may be dynamically regulated by cyto-
solic changes. However, little is known about whether and how TRP channels change subunit 
composition in response to environmental stimuli. So far, most published studies focused on 
the static TRP ion channels subunit composition. How does the cell determine how and when 
subunits are coassembled? To what extent does extra or intracellular milieu affect the molecu-
lar sensitivity of the neuron? In fact, the coassembly of TRP ion channel subunits in living cells 
is dynamically regulated. Studies indeed sustain that the distribution of TRP ion channel in 
cells changes dramatically upon stimulation [97, 98]. Thus, when we study the distribution 
and function of TRPs, the dimension for dynamic influences has to be considered.
Furthermore, the extensive studies focus on TRP ion channels heteromerization, while much 
remains to be elucidated about the physiological consequences of heteromultimerization 
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among TRP subunits. Practical approach and advanced technique to monitor assembly of 
dynamic TRP ion channel subunits should be explored. Moreover, distribution of heteromeric 
TRP complexes involving in physiological and pathophysiological processes calls for more 
solid and careful investigations.
5. Conclusions and outlook
In this chapter, we described our understanding in distribution and assembly of TRP ion channels 
based on recent references. Haboring a superfamily of ion channels protein, TRPs exhibit ubiqui-
tously distributions in mammalians which depict a diverse and fascinating network. This makes 
the investigation more painstaking for grasp both the correct expression pattern and the roles of 
these TRPs. With recent technological advances of gene sequencing combines high throughput 
screening, breakthrough in this area will be likely achieved. Moreover, reporter genes as well as 
high resolution technique provide more precise location of where the TRPs really are.
Understanding TRPs from distribution to assembly not only help us to comprehend the phys-
iological roles of TRPs but also can widen the perspective of taking TRPs as potential thera-
peutic targets with their pathological relevance.
Although many aspects have been deciphered through focused studies regarding TRP ion 
channels expression and assembly during past decades, our knowledge on the implication of 
TRPs distribution and assembly remains limited. There are still gaps and bewildered contro-
versies in our understanding of these TRPs. The whole scope of TRP distribution and assem-
bly needs more thorough and scrutinized investigation, and new technical approach applied 
for TRP channel investigations needs to be developed.
Acknowledgements
This work was supported by part of the grant from the National Natural Science of Foundation 
in China (81301720 to W. Cheng).
Conflict of interest
No competing financial interests exist.
Author details
Wei Cheng
Address all correspondence to: wcheng@dmu.edu.cn
Institute of Cancer Stem Cell, Dalian Medical University, Dalian, Liaoning Province, PR China
TRP Ion Channels: From Distribution to Assembly
http://dx.doi.org/10.5772/intechopen.76479
163
References
[1] Clapham DE. TRP channels as cellular sensors. Nature. 2003;426:517-524
[2] Wes PD, Chevesich J, Jeromin A, Rosenberg C, Stetten G, Montell C. TRPC1, a human 
homolog of a Drosophila store-operated channel. Proceedings of the National Academy 
of Sciences of the United States of America. 1995;92:9652-9656
[3] Cavanaugh DJ, Chesler AT, Jackson AC, Sigal YM, Yamanaka H, Grant R, et al. Trpv1 
reporter mice reveal highly restricted brain distribution and functional expression in 
arteriolar smooth muscle cells. The Journal of Neuroscience. 2011;31:5067-5077. DOI: 
10.1523/JNEUROSCI.6451-10.2011
[4] Kumar S, Singh U, Goswami C, Singru PS. Transient receptor potential vanilloid 5 
(TRPV5), a highly Ca(2+) -selective TRP channel in the rat brain: Relevance to neuroen-
docrine regulation. Journal of Neuroendocrinology. 2017;29:1-23. DOI: 10.1111/jne.12466
[5] Kumar S, Singh U, Singh O, Goswami C, Singru PS. Transient receptor potential vanil-
loid 6 (TRPV6) in the mouse brain: Distribution and estrous cycle-related changes in the 
hypothalamus. Neuroscience. 2017;344:204-216. DOI: 10.1016/j.neuroscience.2016.12.025
[6] Vennekens R, Menigoz A, Nilius B. TRPs in the brain. Reviews of Physiology, Biochem-
istry and Pharmacology. 2012;163:27-64. DOI: 10.1007/112_2012_8
[7] Lee SM, Cho YS, Kim TH, Jin MU, Ahn DK, Noguchi K, et al. An ultrastructural evidence 
for the expression of transient receptor potential ankyrin 1 (TRPA1) in astrocytes in the 
rat trigeminal caudal nucleus. Journal of Chemical Neuroanatomy. 2012;45:45-49. DOI: 
10.1016/j.jchemneu.2012.07.003
[8] Ceppa E, Cattaruzza F, Lyo V, Amadesi S, Pelayo JC, Poole DP, et al. Transient recep-
tor potential ion channels V4 and A1 contribute to pancreatitis pain in mice. American 
Journal of Physiology Gastrointestinal and Liver Physiology. 2010;299:G556-G571. DOI: 
10.1152/ajpgi.00433.2009
[9] Samie MA, Grimm C, Evans JA, Curcio-Morelli C, Heller S, Slaugenhaupt SA, et al. The 
tissue-specific expression of TRPML2 (MCOLN-2) gene is influenced by the presence of 
TRPML1. Pflügers Archiv. 2009;459:79-91. DOI: 10.1007/s00424-009-0716-5
[10] Voets T. TRP channels and thermosensation. Handbook of Experimental Pharmacology. 
2014;223:729-741
[11] Gerka-Stuyt J, Au A, Peachey NS, Alagramam KN. Transient receptor potential melas-
tatin 1: A hair cell transduction channel candidate. PLoS One. 2013;8:e77213. DOI: 
10.1371/journal.pone.0077213
[12] Sakuraba M, Murata J, Teruyama R, Kamiya K, Yamaguchi J, Okano H, et al. Spatiotemporal 
expression of TRPM4 in the mouse cochlea. Journal of Neuroscience Research. 2014;92: 
1409-1418. DOI: 10.1002/jnr.23410
Ion Channels in Health and Sickness164
[13] Sexton JE, Desmonds T, Quick K, Taylor R, Abramowitz J, Forge A, et al. The contribu-
tion of TRPC1, TRPC3, TRPC5 and TRPC6 to touch and hearing. Neuroscience Letters. 
2016;610:36-42. DOI: 10.1016/j.neulet.2015.10.052
[14] Voets T, Talavera K, Owsianik G, Nilius B. Sensing with TRP channels. Nature Chemical 
Biology. 2005;1:85-92
[15] Dong HW, Davis JC, Ding S, Nai Q, Zhou FM, Ennis M. Expression of transient recep-
tor potential (TRP) channel mRNAs in the mouse olfactory bulb. Neuroscience Letters. 
2012;524:49-54. DOI: 10.1016/j.neulet.2012.07.013
[16] Sabourin J, Lamiche C, Vandebrouck A, Magaud C, Rivet J, Cognard C, et al. Regulation 
of TRPC1 and TRPC4 cation channels requires an alpha1-syntrophin-dependent complex 
in skeletal mouse myotubes. The Journal of Biological Chemistry. 2009;284:36248-36261. 
DOI: 10.1074/jbc.M109.012872
[17] Ong EC, Nesin V, Long CL, Bai CX, Guz JL, Ivanov IP, et al. A TRPC1 protein-depen-
dent pathway regulates osteoclast formation and function. The Journal of Biological 
Chemistry. 2013;288:22219-22232. DOI: 10.1074/jbc.M113.459826
[18] Kajiya H, Okamoto F, Nemoto T, Kimachi K, Toh-Goto K, Nakayana S, et al. RANKL-
induced TRPV2 expression regulates osteoclastogenesis via calcium oscillations. Cell 
Calcium. 2010;48:260-269. DOI: 10.1016/j.ceca.2010.09.010
[19] Chen Y, Williams SH, McNulty AL, Hong JH, Lee SH, Rothfusz NE, et al. Temporo-
mandibular joint pain: A critical role for Trpv4 in the trigeminal ganglion. Pain. 2013; 
154:1295-1304. DOI: 10.1016/j.pain.2013.04.004
[20] Masuyama R, Mizuno A, Komori H, Kajiya H, Uekawa A, Kitaura H, et al. Calcium/
calmodulin-signaling supports TRPV4 activation in osteoclasts and regulates bone mass. 
Journal of Bone and Mineral Research : The Official Journal of the American Society for 
Bone and Mineral Research. 2012;27:1708-1721. DOI: 10.1002/jbmr.1629
[21] van der Eerden BC, Weissgerber P, Fratzl-Zelman N, Olausson J, Hoenderop JG, 
Schreuders-Koedam M, et al. The transient receptor potential channel TRPV6 is dynami-
cally expressed in bone cells but is not crucial for bone mineralization in mice. Journal of 
Cellular Physiology. 2012;227:1951-1959. DOI: 10.1002/jcp.22923
[22] Zhang X, Zu H, Zhao D, Yang K, Tian S, Yu X, et al. Ion channel functional protein kinase 
TRPM7 regulates Mg ions to promote the osteoinduction of human osteoblast via PI3K 
pathway: In vitro simulation of the bone-repairing effect of Mg-based alloy implant. 
Acta Biomaterialia. 2017;63:369-382. DOI: 10.1016/j.actbio.2017.08.051
[23] Brereton HM, Chen J, Rychkov G, Harland ML, Barritt GJ. Maitotoxin activates an 
endogenous non-selective cation channel and is an effective initiator of the activation of 
the heterologously expressed hTRPC-1 (transient receptor potential) non-selective cat-
ion channel in H4-IIE liver cells. Biochimica et Biophysica Acta. 2001;1540:107-126
TRP Ion Channels: From Distribution to Assembly
http://dx.doi.org/10.5772/intechopen.76479
165
[24] Riccio A, Medhurst AD, Mattei C, Kelsell RE, Calver AR, Randall AD, et al. mRNA dis-
tribution analysis of human TRPC family in CNS and peripheral tissues. Brain Research 
Molecular Brain Research. 2002;109:95-104
[25] Walker RL, Hume JR, Horowitz B. Differential expression and alternative splicing of 
TRP channel genes in smooth muscles. American Journal of Physiology. Cell Physiology. 
2001;280:C1184-C1192
[26] Wang J, Laurier LG, Sims SM, Preiksaitis HG. Enhanced capacitative calcium entry and 
TRPC channel gene expression in human LES smooth muscle. American Journal of 
Physiology Gastrointestinal and Liver Physiology. 2003;284:G1074-G1083. DOI: 10.1152/
ajpgi.00227.2002
[27] Hamamoto T, Takumida M, Hirakawa K, Takeno S, Tatsukawa T. Localization of tran-
sient receptor potential channel vanilloid subfamilies in the mouse larynx. Acta Oto-
Laryngologica. 2008;128:685-693
[28] Holzer P. TRP channels in the digestive system. Current Pharmaceutical Biotechnology. 
2011;12:24-34
[29] Gradilone SA, Masyuk AI, Splinter PL, Banales JM, Huang BQ, Tietz PS, et al. 
Cholangiocyte cilia express TRPV4 and detect changes in luminal tonicity inducing 
bicarbonate secretion. Proceedings of the National Academy of Sciences of the United 
States of America. 2007;104:19138-19143. DOI: 10.1073/pnas.0705964104
[30] Peng JB, Chen XZ, Berger UV, Weremowicz S, Morton CC, Vassilev PM, et al. Human cal-
cium transport protein CaT1. Biochemical and Biophysical Research Communications. 
2000;278:326-332. DOI: 10.1006/bbrc.2000.3716
[31] Fonfria E, Murdock PR, Cusdin FS, Benham CD, Kelsell RE, McNulty S. Tissue distribu-
tion profiles of the human TRPM cation channel family. Journal of Receptor and Signal 
Transduction Research. 2006;26:159-178. DOI: 10.1080/10799890600637506
[32] Matsumoto K, Takagi K, Kato A, Ishibashi T, Mori Y, Tashima K, et al. Role of transient 
receptor potential melastatin 2 (TRPM2) channels in visceral nociception and hypersen-
sitivity. Experimental Neurology. 2016;285:41-50. DOI: 10.1016/j.expneurol.2016.09.001
[33] Sukumaran P, Lof C, Pulli I, Kemppainen K, Viitanen T, Tornquist K. Significance of the 
transient receptor potential canonical 2 (TRPC2) channel in the regulation of rat thy-
roid FRTL-5 cell proliferation, migration, adhesion and invasion. Molecular and Cellular 
Endocrinology. 2013;374:10-21. DOI: 10.1016/j.mce.2013.03.026
[34] Wissenbach U, Schroth G, Philipp S, Flockerzi V. Structure and mRNA expression of a 
bovine trp homologue related to mammalian trp2 transcripts. FEBS Letters. 1998;429: 
61-66
[35] Carrillo C, Hichami A, Andreoletti P, Cherkaoui-Malki M, del Mar Cavia M, Abdoul-
Azize S, et al. Diacylglycerol-containing oleic acid induces increases in [Ca(2+)](i) via 
Ion Channels in Health and Sickness166
TRPC3/6 channels in human T-cells. Biochimica et Biophysica Acta. 2012;1821:618-626. 
DOI: 10.1016/j.bbalip.2012.01.008
[36] Philipp S, Strauss B, Hirnet D, Wissenbach U, Mery L, Flockerzi V, et al. TRPC3 medi-
ates T-cell receptor-dependent calcium entry in human T-lymphocytes. The Journal of 
Biological Chemistry. 2003;278:26629-26638. DOI: 10.1074/jbc.M304044200
[37] Finney-Hayward TK, Popa MO, Bahra P, Li S, Poll CT, Gosling M, et al. Expression 
of transient receptor potential C6 channels in human lung macrophages. American 
Journal of Respiratory Cell and Molecular Biology. 2010;43:296-304. DOI: 10.1165/
rcmb.2008-0373OC
[38] Sel S, Rost BR, Yildirim AO, Sel B, Kalwa H, Fehrenbach H, et al. Loss of classical transient 
receptor potential 6 channel reduces allergic airway response. Clinical and Experimental 
Allergy: Journal of the British Society for Allergy and Clinical Immunology. 2008;38: 
1548-1558. DOI: 10.1111/j.1365-2222.2008.03043.x
[39] Caterina MJ, Rosen TA, Tominaga M, Brake AJ, Julius D. A capsaicin-receptor homologue 
with a high threshold for noxious heat. Nature. 1999;398:436-441. DOI: 10.1038/18906
[40] Link TM, Park U, Vonakis BM, Raben DM, Soloski MJ, Caterina MJ. TRPV2 has a 
pivotal role in macrophage particle binding and phagocytosis. Nature Immunology. 
2010;11:232-239. DOI: 10.1038/ni.1842
[41] Zhang D, Spielmann A, Wang L, Ding G, Huang F, Gu Q, et al. Mast-cell degranulation 
induced by physical stimuli involves the activation of transient-receptor-potential chan-
nel TRPV2. Physiological Research. 2012;61:113-124
[42] Heiner I, Eisfeld J, Luckhoff A. Role and regulation of TRP channels in neutrophil granu-
locytes. Cell Calcium. 2003;33:533-540
[43] Santoni G, Farfariello V, Liberati S, Morelli MB, Nabissi M, Santoni M, et al. The role of 
transient receptor potential vanilloid type-2 ion channels in innate and adaptive immune 
responses. Frontiers in Immunology. 2013;4:34. DOI: 10.3389/fimmu.2013.00034
[44] Kim KS, Shin DH, Nam JH, Park KS, Zhang YH, Kim WK, et al. Functional expres-
sion of TRPV4 Cation channels in human mast cell line (HMC-1). The Korean Journal 
of Physiology & Pharmacology: Official Journal of the Korean Physiological Society and 
the Korean Society of Pharmacology. 2010;14:419-425. DOI: 10.4196/kjpp.2010.14.6.419
[45] Kumagami H, Terakado M, Sainoo Y, Baba A, Fujiyama D, Fukuda T, et al. Expression of 
the osmotically responsive cationic channel TRPV4 in the endolymphatic sac. Audiology 
& Neuro-Otology. 2009;14:190-197. DOI: 10.1159/000180290
[46] Vassilieva IO, Tomilin VN, Marakhova II, Shatrova AN, Negulyaev YA, Semenova 
SB. Expression of transient receptor potential vanilloid channels TRPV5 and TRPV6 in 
human blood lymphocytes and Jurkat leukemia T cells. The Journal of Membrane 
Biology. 2013;246:131-140. DOI: 10.1007/s00232-012-9511-x
TRP Ion Channels: From Distribution to Assembly
http://dx.doi.org/10.5772/intechopen.76479
167
[47] Semenova SB, Vassilieva IO, Fomina AF, Runov AL, Negulyaev YA. Endogenous 
expression of TRPV5 and TRPV6 calcium channels in human leukemia K562 cells. 
American Journal of Physiology. Cell Physiology. 2009;296:C1098-C1104. DOI: 10.1152/
ajpcell.00435.2008
[48] Walder RY, Landau D, Meyer P, Shalev H, Tsolia M, Borochowitz Z, et al. Mutation 
of TRPM6 causes familial hypomagnesemia with secondary hypocalcemia. Nature 
Genetics. 2002;31:171-174. DOI: 10.1038/ng901
[49] Vennekens R, Olausson J, Meissner M, Bloch W, Mathar I, Philipp SE, et al. Increased IgE-
dependent mast cell activation and anaphylactic responses in mice lacking the calcium-
activated nonselective cation channel TRPM4. Nature Immunology. 2007;8:312-320. 
DOI: 10.1038/ni1441
[50] Lindvall JM, Blomberg KE, Wennborg A, Smith CI. Differential expression and molecu-
lar characterisation of Lmo7, Myo1e, Sash1, and Mcoln2 genes in Btk-defective B-cells. 
Cellular Immunology. 2005;235:46-55. DOI: 10.1016/j.cellimm.2005.07.001
[51] Yildirim E, Carey MA, Card JW, Dietrich A, Flake GP, Zhang Y, et al. Severely 
blunted allergen-induced pulmonary Th2 cell response and lung hyperresponsive-
ness in type 1 transient receptor potential channel-deficient mice. American Journal of 
Physiology Lung Cellular and Molecular Physiology. 2012;303:L539-L549. DOI: 10.1152/
ajplung.00389.2011
[52] Launay P, Cheng H, Srivatsan S, Penner R, Fleig A, Kinet JP. TRPM4 regulates cal-
cium oscillations after T cell activation. Science. 2004;306:1374-1377. DOI: 10.1126/
science.1098845
[53] Gotz V, Qiao S, Beck A, Boehm U. Transient receptor potential (TRP) channel function 
in the reproductive axis. Cell Calcium. 2017;67:138-147. DOI: 10.1016/j.ceca.2017.04.004
[54] Babich LG, Ku CY, Young HW, Huang H, Blackburn MR, Sanborn BM. Expression of 
capacitative calcium TrpC proteins in rat myometrium during pregnancy. Biology of 
Reproduction. 2004;70:919-924. DOI: 10.1095/biolreprod.103.023325
[55] Everaerts W, Nilius B, Owsianik G. The vanilloid transient receptor potential chan-
nel TRPV4: From structure to disease. Progress in Biophysics and Molecular Biology. 
2010;103:2-17. DOI: 10.1016/j.pbiomolbio.2009.10.002
[56] Andrade YN, Fernandes J, Vazquez E, Fernandez-Fernandez JM, Arniges M, Sanchez 
TM, et al. TRPV4 channel is involved in the coupling of fluid viscosity changes to epi-
thelial ciliary activity. The Journal of Cell Biology. 2005;168:869-874. DOI: 10.1083/
jcb.200409070
[57] Jang Y, Lee Y, Kim SM, Yang YD, Jung J, Oh U. Quantitative analysis of TRP chan-
nel genes in mouse organs. Archives of Pharmacal Research. 2012;35:1823-1830. DOI: 
10.1007/s12272-012-1016-8
[58] Tsavaler L, Shapero MH, Morkowski S, Laus R. Trp-p8, a novel prostate-specific gene, 
is up-regulated in prostate cancer and other malignancies and shares high homology 
Ion Channels in Health and Sickness168
with transient receptor potential calcium channel proteins. Cancer Research. 2001; 
61:3760-3769
[59] Veldhuisen B, Spruit L, Dauwerse HG, Breuning MH, Peters DJ. Genes homologous to 
the autosomal dominant polycystic kidney disease genes (PKD1 and PKD2). European 
Journal of Human Genetics. 1999;7:860-872. DOI: 10.1038/sj.ejhg.5200383
[60] Liman ER, Corey DP, Dulac C. TRP2: A candidate transduction channel for mammalian 
pheromone sensory signaling. Proceedings of the National Academy of Sciences of the 
United States of America. 1999;96:5791-5796
[61] Yip H, Chan WY, Leung PC, Kwan HY, Liu C, Huang Y, et al. Expression of TRPC homo-
logs in endothelial cells and smooth muscle layers of human arteries. Histochemistry 
and Cell Biology. 2004;122:553-561. DOI: 10.1007/s00418-004-0720-y
[62] Yue Z, Xie J, Yu AS, Stock J, Du J, Yue L. Role of TRP channels in the cardiovascular 
system. American Journal of Physiology. Heart and Circulatory Physiology. 2015;308: 
H157-H182
[63] Johnson CD, Melanaphy D, Purse A, Stokesberry SA, Dickson P, Zholos 
AV. Transient receptor potential melastatin 8 channel involvement in the regulation 
of vascular tone. American Journal of Physiology. Heart and Circulatory Physiology. 
2009;296:H1868-H1877. DOI: 10.1152/ajpheart.01112.2008
[64] Yu W, Hill WG, Apodaca G, Zeidel ML. Expression and distribution of transient recep-
tor potential (TRP) channels in bladder epithelium. American Journal of Physiology. 
Renal Physiology. 2011;300:F49-F59. DOI: 10.1152/ajprenal.00349.2010
[65] Hurwitz CG, Hu VY, Segal AS. A mechanogated nonselective cation channel in proxi-
mal tubule that is ATP sensitive. American Journal of Physiology. Renal Physiology. 
2002;283:F93-F104. DOI: 10.1152/ajprenal.00239.2001
[66] Stein RJ, Santos S, Nagatomi J, Hayashi Y, Minnery BS, Xavier M, et al. Cool (TRPM8) 
and hot (TRPV1) receptors in the bladder and male genital tract. The Journal of Urology. 
2004;172:1175-1178. DOI: 10.1097/01.ju.0000134880.55119.cf
[67] Birder LA, Nakamura Y, Kiss S, Nealen ML, Barrick S, Kanai AJ, et al. Altered urinary 
bladder function in mice lacking the vanilloid receptor TRPV1. Nature Neuroscience. 
2002;5:856-860. DOI: 10.1038/nn902
[68] Lorenzo IM, Liedtke W, Sanderson MJ, Valverde MA. TRPV4 channel participates in 
receptor-operated calcium entry and ciliary beat frequency regulation in mouse airway 
epithelial cells. Proceedings of the National Academy of Sciences of the United States of 
America. 2008;105:12611-12616. DOI: 10.1073/pnas.0803970105
[69] Watanabe N, Horie S, Michael GJ, Spina D, Page CP, Priestley JV. Immunohistochemical 
localization of vanilloid receptor subtype 1 (TRPV1) in the Guinea pig respiratory 
system. Pulmonary Pharmacology & Therapeutics. 2005;18:187-197. DOI: 10.1016/j.
pupt.2004.12.002
TRP Ion Channels: From Distribution to Assembly
http://dx.doi.org/10.5772/intechopen.76479
169
[70] Li J, Kanju P, Patterson M, Chew WL, Cho SH, Gilmour I, et al. TRPV4-mediated cal-
cium influx into human bronchial epithelia upon exposure to diesel exhaust particles. 
Environmental Health Perspectives. 2011;119:784-793. DOI: 10.1289/ehp.1002807
[71] Sabnis AS, Shadid M, Yost GS, Reilly CA. Human lung epithelial cells express a func-
tional cold-sensing TRPM8 variant. American Journal of Respiratory Cell and Molecular 
Biology. 2008;39:466-474. DOI: 10.1165/rcmb.2007-0440OC
[72] Kunert-Keil C, Bisping F, Kruger J, Brinkmeier H. Tissue-specific expression of TRP 
channel genes in the mouse and its variation in three different mouse strains. BMC 
Genomics. 2006;7:159. DOI: 10.1186/1471-2164-7-159
[73] Kowase T, Nakazato Y, Yoko OH, Morikawa A, Kojima I. Immunohistochemical local-
ization of growth factor-regulated channel (GRC) in human tissues. Endocrine Journal. 
2002;49:349-355
[74] Hisanaga E, Nagasawa M, Ueki K, Kulkarni RN, Mori M, Kojima I. Regulation of calcium-
permeable TRPV2 channel by insulin in pancreatic beta-cells. Diabetes. 2009;58:174-184. 
DOI: 10.2337/db08-0862
[75] Jung C, Fandos C, Lorenzo IM, Plata C, Fernandes J, Gene GG, et al. The progesterone 
receptor regulates the expression of TRPV4 channel. Pflügers Archiv. 2009;459:105-113. 
DOI: 10.1007/s00424-009-0706-7
[76] Uchida K, Tominaga M. The role of thermosensitive TRP (transient receptor potential) 
channels in insulin secretion. Endocrine Journal. 2011;58:1021-1028
[77] Ishii M, Shimizu S, Hara Y, Hagiwara T, Miyazaki A, Mori Y, et al. Intracellular-produced 
hydroxyl radical mediates H
2
O
2
-induced Ca2+ influx and cell death in rat beta-cell line 
RIN-5F. Cell Calcium. 2006;39:487-494. DOI: 10.1016/j.ceca.2006.01.013
[78] Halonen J, Nedergaard J. Adenosine 5′-monophosphate is a selective inhibitor of the 
brown adipocyte nonselective cation channel. The Journal of Membrane Biology. 
2002;188:183-197. DOI: 10.1007/s00232-001-0184-0
[79] Ringer E, Russ U, Siemen D. Beta(3)-adrenergic stimulation and insulin inhibition of 
non-selective cation channels in white adipocytes of the rat. Biochimica et Biophysica 
Acta. 2000;1463:241-253
[80] Moraes MN, Mezzalira N, de Assis LV, Menaker M, Guler A, Castrucci AM. TRPV1 
participates in the activation of clock molecular machinery in the brown adipose tissue 
in response to light-dark cycle. Biochimica et Biophysica Acta. 2017;1864:324-335. DOI: 
10.1016/j.bbamcr.2016.11.010
[81] Moraes MN, de Assis LVM, Henriques FDS, Batista Jr ML, Guler AD, Castrucci AML. 
Cold-sensing TRPM8 channel participates in circadian control of the brown adipose 
 tissue. Biochimica et Biophysica Acta. 2017;1864:2415-2427. DOI: 10.1016/j.bbamcr.2017. 
09.011
[82] Broker-Lai J, Kollewe A, Schindeldecker B, Pohle J, Nguyen Chi V, Mathar I, et al. 
Heteromeric channels formed by TRPC1, TRPC4 and TRPC5 define hippocampal 
Ion Channels in Health and Sickness170
synaptic transmission and working memory. The EMBO Journal. 2017;36:2770-2789. 
DOI: 10.15252/embj.201696369
[83] Kim J, Kwak M, Jeon JP, Myeong J, Wie J, Hong C, et al. Isoform- and receptor-specific 
channel property of canonical transient receptor potential (TRPC)1/4 channels. Pflügers 
Archiv. 2014;466:491-504. DOI: 10.1007/s00424-013-1332-y
[84] Woo JS, Lee KJ, Huang M, Cho CH, Lee EH. Heteromeric TRPC3 with TRPC1 formed 
via its ankyrin repeats regulates the resting cytosolic Ca2+ levels in skeletal muscle. 
Biochemical and Biophysical Research Communications. 2014;446:454-459. DOI: 
10.1016/j.bbrc.2014.02.127
[85] Cheng W, Sun C, Zheng J. Heteromerization of TRP channel subunits: Extending func-
tional diversity. Protein & Cell. 2010;1:802-810. DOI: 10.1007/s13238-010-0108-9
[86] Cheng W, Yang F, Takanishi CL, Zheng J. Thermosensitive TRPV channel subunits coas-
semble into heteromeric channels with intermediate conductance and gating properties. 
The Journal of General Physiology. 2007;129:191-207. DOI: 10.1085/jgp.200709731
[87] Kim S, Barry DM, Liu XY, Yin S, Munanairi A, Meng QT, et al. Facilitation of TRPV4 by 
TRPV1 is required for itch transmission in some sensory neuron populations. Science 
Signaling. 2016;9:ra71. DOI: 10.1126/scisignal.aaf1047
[88] Zhang Z, Yu H, Huang J, Faouzi M, Schmitz C, Penner R, et al. The TRPM6 kinase 
domain determines the Mg.ATP sensitivity of TRPM7/M6 heteromeric ion channels. The 
Journal of Biological Chemistry. 2014;289:5217-5227. DOI: 10.1074/jbc.M113.512285
[89] Ma X, Cheng KT, Wong CO, O'Neil RG, Birnbaumer L, Ambudkar IS, et al. Heteromeric 
TRPV4-C1 channels contribute to store-operated Ca(2+) entry in vascular endothelial 
cells. Cell Calcium. 2011;50:502-509. DOI: 10.1016/j.ceca.2011.08.006
[90] Goldenberg NM, Wang L, Ranke H, Liedtke W, Tabuchi A, Kuebler WM. TRPV4 is 
required for hypoxic pulmonary vasoconstriction. Anesthesiology. 2015;122:1338-1348. 
DOI: 10.1097/ALN.0000000000000647
[91] Schindl R, Fritsch R, Jardin I, Frischauf I, Kahr H, Muik M, et al. Canonical transient 
receptor potential (TRPC) 1 acts as a negative regulator for vanilloid TRPV6-mediated 
Ca2+ influx. The Journal of Biological Chemistry. 2012;287:35612-35620. DOI: 10.1074/jbc.
M112.400952
[92] Guo Z, Grimm C, Becker L, Ricci AJ, Heller S. A novel ion channel formed by interaction 
of TRPML3 with TRPV5. PLoS One. 2013;8:e58174. DOI: 10.1371/journal.pone.0058174
[93] Du J, Ma X, Shen B, Huang Y, Birnbaumer L, Yao X. TRPV4, TRPC1, and TRPP2 assem-
ble to form a flow-sensitive heteromeric channel. The FASEB Journal. 2014;28:4677-4685. 
DOI: 10.1096/fj.14-251652
[94] Yu Y, Ulbrich MH, Li MH, Dobbins S, Zhang WK, Tong L, et al. Molecular mechanism of 
the assembly of an acid-sensing receptor ion channel complex. Nature Communications. 
2012;3:1252. DOI: 10.1038/ncomms2257
TRP Ion Channels: From Distribution to Assembly
http://dx.doi.org/10.5772/intechopen.76479
171
[95] Delling M, DeCaen PG, Doerner JF, Febvay S, Clapham DE. Primary cilia are specialized 
calcium signalling organelles. Nature. 2013;504:311-314. DOI: 10.1038/nature12833
[96] Salehi-Najafabadi Z, Li B, Valentino V, Ng C, Martin H, Yu Y, et al. Extracellular loops are 
essential for the assembly and function of polycystin receptor-ion channel complexes. 
The Journal of Biological Chemistry. 2017;292:4210-4221. DOI: 10.1074/jbc.M116.767897
[97] Kun J, Szitter I, Kemeny A, Perkecz A, Kereskai L, Pohoczky K, et al. Upregulation 
of the transient receptor potential ankyrin 1 ion channel in the inflamed human and 
mouse colon and its protective roles. PLoS One. 2014;9:e108164. DOI: 10.1371/journal.
pone.0108164
[98] Vetter I, Cheng W, Peiris M, Wyse BD, Roberts-Thomson SJ, Zheng J, et al. Rapid, opioid-
sensitive mechanisms involved in transient receptor potential vanilloid 1 sensitization. 
The Journal of Biological Chemistry. 2008;283:19540-19550. DOI: 10.1074/jbc.M707865200
Ion Channels in Health and Sickness172
